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INTRODU CT ION 

Recently there has been interest in de vel °ping adismbuted ^P^^^^in or on a structural 
S fiber Such a system would allow [1-7]. Work has already 

lotSnl mnrovide for continuous monitoring of the matenais ^mpc dependent emission 

Sn on X ^development of a temperature Unewidth and 
so^tra from the lanthanide rare earths dopedinto tQ n changes in the temperature and can 

thelntegrated intensity of this emission areeac ^ this phenomena into an optical 

proS basis for thermometrj ; the cladding of an opucal fiber 

fitv»r hased sensor involves bonding the optically. fiber bv the evanescent wave [6]. 

a^aSnlTc luminescent “o^d 17]. Measurements of the 

«used into a f.ber,made by Albin clearly show a strong and regular 
^pendenM mi teniperamre over the range of 300 to 1000 K [2,4]. 

We report here on a study of the ^mperamre d ^"^f a ^n"™ SemSX general 
luminescent system for temperature sensing f 


LUMINESCENCE OF Eu 3+ : Y 2 0 3 


— 

The Y 2 O 3 crystal has a cubic structure with unit C ® U fomere of a cube 

has six oxygen ions as of * e ^ y 8 en d fof U Sil cSte 

surrounding the yttrium ion. There are vwomn si tes are at opposite diagonals of the cuoe 
Si site 8 ln one arrangement the two vatnrnt .oxygen PP ^ other arrangement the 

forming a high symmetry (centro-symmetnc) site of sym ^ ^ symmelry site 0 f 

oxygen vacancies are at opposite ,a S ona . . 4f d ^tron configuration and substitutes for 
symmeuy C s . The triply ionized Europium «« ' stallograpL sites. There rue three of 

the triply ionized Yttrium ion in either of th^twodts^^ cry ™ ^ site wiU have its degeneracy 
the low symmetry C s sites for 3t ' . ■ .j. e £ site The energy levels and Stark 

fully broken but it will be only parually broken m the C 3l stte. 1 *» ^ 
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Table 1. 

Stark Levels of the 7 Fj and 5 Dj Manifolds of Eu + : Y 2 0 3 

(Only (he energy levels for the Cs symmetry sites are listed) 

(from references 8 and 9) 


Manifold 


^0 


Energy level (cm' 1 ) 


0 


199, 369, 543 
859, 906, 1379 

1847, 1867, 1907, 2008, 2021, 2130, 2160 

2668, 2800, 2846, 3015, 3080, 3119, 3163. 3178, 3190 

3755, 3828, 3904, 3938, 4019, 4062, 4127, 4158, 4227 

4589, 4611, 4791, 4812, 4925, 4960, 5032, 5045, 5271, 5314, 5459, 5636 


^0 

5 Dl 




17216 

18930, 18954 
21355, 21357, 21396 


contribute to^his tomto^c£n<**are UsKd^in 

Table 2. 


Transitions 

Table 2, 

Contributing to Lumines 

Manifold 

Transition Wavelength (nm) 

V-> 7 f 2 

611.36, 613.12 

V-> 7 f 6 

609.42, 612.63, 613.12 

5d 2 ~> 7 F 6 

612.56, 613.05 

5d 2 -> 7 F 6 

611.10, 611.58 


The radiative transitions between the between 5 D j -> 7 F<j manifolds are strongly quenched above 
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from bod. of Che Stark level transitions connecting the %>„ -> 7 F 2 manifolds. For the C s 

symmetry sifes, there am *""***£ d»° 

Syme^obSSXe s^“pe of die emission near 61 1 nm 1« - <^> £ e ‘ d ° d ™S 
emission from the nearby transiuons at 61 1.36 and no texp^brt«l K, be large 

lalfe h “ *“ shown 10 weak b °' h 191 

and experimentally [11]. 

Albin has measured the emission s,*c.ra of Eu 3 +: Y 2 0, in the region off 61 Inma, empemtures 

ranging from 323 K to 973 K. These measurements wete ™ ® ™ iued light. The temperature 
diffused into an optical fiber wh.ch was uted “ ““^“Vn taRgutl 1. The raw data is fit 
dependence of the hnewidth extracted from the P develop a model for this temperature 

to a quadratic expression in temperature. In the following we develop a 

dependence. 



Future 1 Measured values of the Hnewidth of the 61 1 nm emission of Eu 3+ : Y 1 O i from Albin, 
reference [5], Curves indicate aquadratic fit to fee data and linear regresston fitung to the low an 
high temperature regions separately. 
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THE Eu 3+ LUMINESCENCE CENTER 

from a single proioiypical ^luminescent ^[12, 

processes that take place at a lumtnescen . nfeachenerev level of the optically active 

cotwdinate v^ch ^ateall^f t^vUtrauon^^^nen^of^h^^^^evelofm p^ y^ ^ 

£SpX.a" fiS parabolic energy surfatls can be described by the following 
expressions _ 

Ei = ^kq 2 = Sihco(!) (1) 

and 


E u — Ejp + 


sM^-r 


( 2 ) 


Where q represents the confutation coordinate and E, and E u refer to the electron, c energies of 
the ground state and excited state respectively. The two parabolas are offset by a distance a. S and 
S, are the number of phonons at emission and absorption center (the Huang-Rees parameters). 
represents the zero phonon energy 

n* occupation probability for the n* vibrational state of a given manifold is given by 

P(n,z) = (1 - z) z n (3) 

where, 

z = ^-hco/kT 

The emision of a photon with energy hv can occur between the excited state with vibtonic quantum 
number 1 and the ground state with vibronic quantum number m, where 

hv^E JE=(1 _ m) 

hco 

represents the number of phonons involved in the transition. The normalized Unestrength is given 
by the sum over Frank-Condon factors 


W p = 


y, P(m,z) (lp+m I Uni ) 


m = max{0,-p) 


(4). 


Non-radiative rams can be determined from the same sum m t 

electronic transition rate R e Lectromc 88 R p “ K electromc w p ' e ’ /V „ ■ nl „ 

vibronic levels will have the same force constants but the description above illustrate how a simple 

lineshape can be re-constructed. 
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LINE BROADENING MECHANISMS 


Several different physical mechanisms may contribute to the broadening of the narrow line 
emission of the lanthanide rare earths doped into activated crystals [14,15]: 

a) There is an inhomogeneous component to the linewidth due to the fact 
that the dopant ions experience slightly different microstrams at each 
impurity site. These strains are randomly distributed and they produce a 
gaussian lineshape that is only weakly temperature dependent. However this 
strain broadening is especially critical for this application which may employ 

Eu^ + : Y 2 O 3 powder on the exterior of a fiber. 

b) There is a contribution due to Raman scattering of phonons by the 
impurity ions. This contribution depends upon the Debye temperature of the 
host T d and the strength of the coupling between the impurity ion and the 

lattice. 

c) There is a contribution due to single phonon emission and absorption 
which depends upon a separate electron-phonon interaction parameter. 
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— ^ a contribution from anharmonic interactions between 

the impurity ion and the lattice resulting in local (non-propagating) mo 

We have estimated the size of the most important effects in order to get an idea of die cause 

of the observed temperature dependence of the lmeshape. 

Frank- Condon Lineshape 
Fust we make a simple an;uemen, for 

on the shape of the harmonic P ote lineshaoe in the Condon approximation, is a Gaussian 
Condon factor). At zero temperature £ e sha^ of ^ excited state. As 

with linewidth proportional to the amplitude become populated and the corresponding 

temperature rises, higher energy vibration^ ^ n b ^^ P X Increase in linewidth should 
wavefunctions extend further in con f - that j s proportional to the amplitude of a 

S" Wkh VibraUOnal (Ph ° n0n) 

energy Ep is given by 

Ao = Ep/k ? 

where k is the Boltzmann constant The amplitude of the nth quantum energy level is related to die 
zero point amplitude by 

A5=(2u + lK. 

oo 

^ e -nhv/kT An 
(A^=-2=0 


(5) 


g-n hvftT 

n = 0 


( 6 ) 


and this leads to die foUowing experssion for the temperature dependence of linewidth 

Av(T) = Av(0) (tanh(Ep/2kT))’ \ (7) 

This equation describes the change 

, F with the measured values of linewidth are superimposed. Clearly the measures 

more rapidly wid, SSSToSK 

the lineshape is not determined by the sing g . steep change in linewidth with 

temper^recaa Tte CTpUinS^by hwluiiug^^fect of a second neaiby Stark level transition If we 
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foree a fit of the measured data to Equation 7 we obtain an unreasonable small value of phonon 
energy equal to 0.2 meV (1.6 cm ^). 



X^er^ 

normalized to unity at the lowest temperature measured. 


Two level Frank-Condon Lineshape 

As Figure 3 indicates, ihe measured linewidih rises to^nad^S 

SSSSS SmiSon from a^nd S^^^don ek«m 

Uie 61 1.36 nm line. From Table 2 we that toe is aJ3o ~>^ (rom both 

We use p equal to zero because the separation between the two lines ( 56.8 cm ) is much smaller 

than the maximum phonon wavelength for Y 2 O 3 (about 550 cm ). 

The results of to calculauhn of die linestape sfor to 61F 

two values of temperature.The results are in good q , f render a accurating fitting with 

of the emission to and its change wid, S that other 

2SS £ SSaSSSfiTSi close Sta* level transitions, diermal 
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quenching of manifolds which feed the manifold under observation and thermal equilibrium set up 
by energy transfer between manifolds. 




Wavelength, nm 


Figure 4. The calculated lineshape for the 61 1 nm emission assuming that two nearby Stark level 
transitions (611.36 nm and 613.12 nm) contribute. Each level has a Lorentz lineshape which 
changes with temperature according to the Frank-Condon factor (Equation 7). 


Single phonon linewidth 

The previous calculations assumed that a single phonon energy Ep was available to broaden the 
electronic transitions but that many of these phonons of this energy could participate in the 
transition. We now consider a process involving a single phonon of energy ho) to calculate the 
temperature dependence of the linewidth of the 611.4 nm emission. We can fit die measured 
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££? 1116 f °™ 

A = jCiali X to 3 (e^ T -l) 4 

AV phonon 2 Jt v 5 

longitudinal speeds are equal), and hto la ihe single phonon energy. 

The data taken by Albin can be fit to the following expression, 

Av = a + b CO 3 (expfhoVkT) -1 ) 1 - 

Figure 5. This fit is very good. 


( 8 ) 



Figure 5. Fit of the linewidth data from Reference 2 to Equation 8. 
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CONCLUSIONS 

We have initiated a study of rare on luminescence 

temperature sensor that can be in g characteristics of the Y 9 O 1 crystalline host and 

fmmEu 3+ :YoCh We have described the physical characteristics ot me 2 ^3 * 

1kEu 3+ luminescence center. We have into a fiber 

be stronger than that e x P ected .^^ a c^ Uv F el Y explained by a model using emission from two 

Sr^ ° f " ‘ S 

using a single phonon model. 

The observation that the temperature Emission! responsible for this 

enh^^d dependent suggest that 1 there may Stark 

be useful in P sensing. Such mechanisms tnd^th^co^ ^ ^ manifold under observation 
level transitions, thermal quenching transfer between manifolds. A fruitful line of 

£*Sj 3 Si SiSteS search & “are £d> energy levels for patterns that might give such 

enhanced emission. 
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